Abstract
Introduction

70
Since the first archaeal viruses have been described in the 1970s, more than 100 have been respectively. Thereby is a deletion derivative of  that originated by homologous 78 recombination under laboratory conditions. Furthermore, a defective provirus derivative with 79 an approximately 70 % identity to the M2 genome has been identified in the genome of
80
Methanothermobacter wolfii (7). Two morphologically similar viruses, i.e. F1 and F3, 
Results
110
Isolation and morphological characterisation of virus MetSV
111
The MetSV was enriched and isolated from anaerobic sewage sludge collected in the 
127
DNA with an approximate length of 11 kb (data not shown). The DNA was sequenced using a 128 high throughput shot gun sequencing approach (using the 454-sequencing technology) and in ORF22 was evaluated by RT-PCR using specific primer pairs (Table S2) archaeal host and MetSV, respectively (see Table 6 and 
Host range of MetSV
197
Different Methanosarcina strains available at the DSMZ were tested for sensitivity to MetSV. 
201
.bakeri strain DSM 1311). The only exception was M. acetivorans DSM 2834TC2A growing as single cells, which however was not lysed by MetSV (summarized in to the front or directly after the leader as depicted in Fig. 6C .
Effects on global transcription of the resistant M. mazei strain in the presence of MetSV
228
Transcriptome analysis were performed using whole genomic DNA microarrays and cDNAs 229 generated from total RNAs, which were isolated from uninfected cells and cells growing as with MetSV compared to the non-infected cultures (Table 4 and Table S7 (29)). Functions were assigned for two other ORFs.
268
First, ORF13 encoding an ATPase which contains a HerA (HAS-barrel/ATPase domain) and 269 a P-loop NTPase domain, indicating that this ATPase is involved in DNA packing into the 270 capsid, it has been shown for phage PDR1 ATPase (reviewed in (3)). Second ORF22 gene 271 product contains an Env-gp36 domain, which is a part of a lentivirus surface glycoprotein 272 (feline immunodeficiency retrovirus), thus we speculate that the ORF22 gene product might 273 be a part of the MetSV envelope. In addition we predicted for several ORFs both archaeal 274 promoter elements, the TATA-and BRE-box, which show high similarity to the M. mazei promoter. This indicate that MetSV is using the transcription machinery of the host, as it has 276 been reported for e.g. SH1 (37). In the experimental set up, however, it was not ascertainable 277 that MetSV ORFs show different transcription patterns at varying time points after infection.
278
Thus we could not distinguish between early and late viral genes as reported for other viruses 279 (38), (39) (40) (41) (42) . Besides the 11 large ORFs, 11 small ORFs (sORFs) ( 90 aa) were predicted 280 ( Table 1 ). These sORFs encode small proteins ranging from 3.6 to 10 kDa. Some of them (i.e. (43)).
287
The identified MetSV sORFs might also be involved in envelope formation or modulating 
Host range
293
Generally the host range of methanogenic viruses can vary from rather narrow (e.g., F3, 294 which only infects M. thermoautotrophicum) to broad host range (e.g., virus F1 infecting 295 several different M. thermoautotrophicum strains) (8). MetSV was able to infect a variety of 296 different Methanosarcina strains (see Table 2 Table 3 ). Those ORFs encode S-layer proteins or ABC-transporters, which are known to 327 be involved in segregation of S-layer proteins (reviewed in (51) 
Material and methods
341
Strains and plasmids
342
Strains and plasmids used in this study are listed in Table 6 . with MetSV containing filtrate to 1 % final concentration and further incubated at 37 °C.
369
After cell lysis (24 h), viruses were harvested using a modified protocol as described by 370 Colombet et al. (56) . Briefly, after adding 10 % PEG 8000 and 0.6 % NaCl (Roth, Karlsruhe; Archaeal core lipids were analyzed following the analytical procedure originally described by Table S2 were used. The respective PCR fragments were evaluated on a 1 % 561 agarose gel.
563
Quantitative (q) qRT-PCR was performed as described by Veit et al. (70) by RT-PCR using specific primer sets (see Table S2 ). The respective RT-PCR products were 2, 6, 10, 14, 18 and 22; T 90 min lanes 3, 7, 11, 15, 19 and 23; T 210 min lanes 4, 8, 12, 644 16, 20 and 24; M, 1 kb marker (ThermoFisher Scientific, Darmstadt, Germany). 
